We present the results of cathodoluminescence experiments on a set of Fe doped GaN samples with Fe concentrations of 5 × 10 17 cm −3 , 1 × 10 18 cm −3 , 1 × 10 19 cm −3 and 2 × 10 20 cm −3 . These specimens were grown by hydride vapor phase epitaxy with different concentrations of Fe.
I. INTRODUCTION
In addition to Mn doped GaN, Fe doped GaN is also attracting increasing interest as a dilute magnetic semiconductor for spin-based applications 1 . The Fe-related electronic states in GaN have recently been established [2] [3] [4] [5] . However, the growth of GaN with large concentrations of Fe, which are required for carrier mediated spin-coupling, still poses a challenge. In order to shed light on the effects of Fe doping on the structural and electronic
properties of GaN, we carried out cathodoluminescence (CL) experiments on a set of GaN samples with varying Fe concentration from 2 × 10 17 cm −3 to 2 × 10 20 cm −3 . Our results reveal structural and electronic inhomogeneities that lead to a spatial contrast in form of a fine highly symmetric pattern in CL images.
II. EXPERIMENTAL DETAILS
A set of Fe doped GaN samples was grown using hydride vapour phase epitaxy (HVPE) on sapphire substrate.
The epilayers are of wurtzite crystal structure with the c-axis aligned to the growth direc- Fig. 1(a) ), indicating locally enhanced conductivity. This behavior is particularly evident in the area in and around hexagonal pits, which are found on the surface. In CL experiments (Figs. 1(b) and 2), the band-edge luminescence in these regions was found to be enhanced by up to four orders of magnitude as compared with the regular surface. This effect can not be explained by charging alone. Indeed the CL spectra of "bright" and "dark" regions show other significant differences ( Fig. 2) as well (see below).
In the literature, such a spatial contrast of band-edge emission intensity in GaN is attributed to structural inhomogeneities that induce doping inhomogeneities, leading to spatially varying carrier concentration [6] [7] [8] [9] [10] [11] . Experimental and theoretical studies 6,12,13 demonstrate that increased electron concentration in GaN leads to a broad band-edge CL of enhanced intensity with the maximum shifted to higher energies. In the dark area, the band-edge luminescence can be associated with excitonic recombination 12,14-17 , while, in the bright regions, it is dominated by free-carrier-recombination indicating degenerate n-type GaN (Fig. 2) . The extension to high energies observed for Fe concentrations of 1 × 10 18 cm According to the literature, those structurally inhomogeneous regions are the top ends of columnar domains of high defect density which originate from the epilayer-substrate interface and extend through to the surface 6, 8, [18] [19] [20] . In HVPE grown GaN, these regions are prone to form pits such as the one depicted in Fig. 1 
B. CL Pattern
The bright region displayed in Fig. 1(b) reveals a finely structured, highly symmetric CL pattern under low-voltage excitation. The CL patterns observed inside the hexagonal pits show a sixfold symmetry correlating with that of the pit. Moreover, axes of mirror symmetry run down the {1 12 2} facets of the pits (e.g., Fig. 3(d) ). The axis itself appears as a chain of small periodically spaced bright dots where the dark lines terminate as well as dark dots and dashes where there is no correlating structural feature found in the SE image. The complex luminescence structure starting at 1.3 eV represents the radiative intra-center 
D. Conclusion
The incorporation of Fe into GaN was found to quench the native YL of GaN which could be explained by a lowered Fermi level. The presence of Fe also induces the formation structurally and electronically nonuniform regions of higher donor concentration. This seems to be a general phenomenon of TM doped HVPE-grown GaN. The formation of hexagonal pits consisting of {1 12 2} facets is observed in those regions. The enhanced emission in these regions shows a finely structured highly symmetric pattern near the surface under lowkV irradiation. This CL contrast has been attributed to defects localizing along strain-fields within the pits. The radiative 4 T 1 (G)-6 A 1 (S) transition of Fe 3+ on Ga site was observed at 1.3 eV in all investigated GaN:Fe samples. Also the intensity of this luminescence is enhanced in the region of increased carrier density. facets of the pits (marked by a black frame in Fig. 3(d) ). Image (a) and (b) were recorded for an emission energy of 3.46 eV and 3.43 eV, respectively. where the spectra were recorded, i.e., areas of strong or weak band-edge luminescence.
